Purpose: We compared probabilities of tactile detection of fade in response to train-of-four (TOF), double burst stimulati~ i (DBS~ ~), and DBS~ .~ at the great toe with those at the thumb. Methods: One hundred and thirty adult patients anaesthetized with nitrous oxide, oxygen, isot]urane, and fentanyl were studied, At varying degrees of neuromuscular block caused by vecuronium, an observer determined the presence or absence of fade in response to TOF, DBS33, or DBS3. 2 at the great toe and that at the thumb. The relationship between T 1/TO or TOF ratio (T4/T I ) measured at the great toe and that at the thumb was also examined. Results: When TOF ratios were 0-0. 10, 0.11-0.20, 0.21-0,30, 0.31~).40, 0.41-0.50, 0,51-0.60, 0.61-0.70, and 0.71-1.00, the probabilities of detection of fade in response to TOF at the great toe (thumb) were 77 (I 00), 66 (t 00), 58 (96), 52 (77), 39 (38), 26 (23), 2 (4), and 0 (0) %, respectively (P<0.05 at TOF ratio 0-0.40). Similarly, the probabilities of detection of fade in response to DBS33 at the great toe were lower than at the thumb when TOF ratios were 0.21-0.80, and those in response to DBS3. 2 at the great toe were lower than at the thumb when TOF ratios were 0,61-0.80. A close relationship was observed between T I/T0 or TOF ratio at the great toe and that at the thumb. Conclusion: This study suggests that the probability of tactile detection of fade in response to TOF, DBS3. 3, or DBS~. 2 at the great toe is less than that at the thumb. The present results may be because the flexor hallucis brevis muscle is more resistant to non-depolarizing neuromuscular relaxant than the adductor pollicis muscle and that the ratio of fade in response to neurostimulation at the great toe is higher than at the thumb, Objectif : Comparer les probabilites de d&ection tactile du fade au niveau du gros orteil en reponse au trainde-quatre (TOF), au double burst stimulation~. 3 (DBS~,3) et DBS 3.2 avec celles du pouce. M&hodes : Cent trente adultes anesth&ies au protoxyde d'azote, oxygene, isoflurane et fentanyl participaient & 1'etude. /~ diff&ents niveaux de curarisation obtenue avec du v&uronium, un observateur d&erminait la presence ou rabsence de fade en r~ponse au TOE DBS3, 3 ou DBSz3 au niveau du gros orteil ou du pouce. Le rapport entre T I/TO ou le rapport TOF (T I/T4) mesur~s aux deux endroits ont aussi ete examines. l~sultats : Quand les rapports TOF Etaient 0-0, 10, 0,11-0,20, 0,21-0,30, 0,31-0,40, 0,41-50, 0,5 I-0,60, 0,61-0,70, 0,71- 
Objectif : Comparer les probabilites de d&ection tactile du fade au niveau du gros orteil en reponse au trainde-quatre (TOF), au double burst stimulation~. 3 (DBS~,3) et DBS 3.2 avec celles du pouce. M&hodes : Cent trente adultes anesth&ies au protoxyde d'azote, oxygene, isoflurane et fentanyl participaient & 1'etude. /~ diff&ents niveaux de curarisation obtenue avec du v&uronium, un observateur d&erminait la presence ou rabsence de fade en r~ponse au TOE DBS3, 3 ou DBSz3 au niveau du gros orteil ou du pouce. Le rapport entre T I/TO ou le rapport TOF (T I/T4) mesur~s aux deux endroits ont aussi ete examines. T HE time course of recovery of T1 (the first response to train-of-four (TOF) stimulation) at the great toe is faster than that at the thumb ~-s after administration of vecuronium. This is because type 2 muscle fibre is more resistant to non-depolarizing neuromuscular relaxants than type 1 muscle fibre and the flexor hallucis brevis muscle contains more type 2 fibres than does the adductor pollicis muscle. 4 However, no previous study has investigated the relationship between TOF ratio (T4/T1) measured at the great toe and that at the thumb. We hypothesized that if the TOF ratio at the great toe was different from that at the thumb, the probability of tactile detection of fade in response to neurostinaulation at the great toe may differ from that at the thumb. We studied the probability of tactile detection of fade in response to TOF, double burst stimulations, s (DBS3,3) , or DBSsa at the great toe and compared it with that at the thumb. Also, the relationship between T1/T0 (control) and TOF ratio at the great toe and at the thumb were compared.
Methods
One hundred and thirty adult patients, ASA 1-2, undergoing elective general anaesthesia were studied. The protocol was approved by our local ethics committee, and written informed consent was obtained from each subject. All patients were free of neuromuscular, hepatic, renal disorder, and were not receiving any drugs known to interfere with neuromuscular transmission. They were allocated randomly to four groups: group 1 (n=40), group 2 (n=40), group 3 (n=40), and group 4 (n=10). The study consisted of two parts.
Part 1: Tactile evaluation of fade
One hundred and twenty patients were studied. They were allocated randomly to three groups of 40 patients each (groups 1, 2, and 3). Premedication, consisting of 0.01 mg.kg q atropine sulfate and 1.0 mg.kg -1 hydroxyzine im, were administered 30 min before induction of anaesthesia. In the operating room, on both forearms, two surface stimulating electrodes (Vitrodes, M-150, Nihon-Kohden Inc., Tokyo, Japan) were positioned over the ulnar nerve at the wrist. One hand and forearm (control arm) were immobilized and a force displacement transducer was attached to the thumb. The contralateral arm was unrestrained. Two surface stimulating electrodes were also positioned over the tibial nerve at the infero-lateral aspect of the medial malleolus, as reported previously.~-s After administration of 3.0-4.0 mg.kg -1 thiopentone and 2 ~ag.kg -1 fentanyl iv, train-of-four (TOF) stimuli were delivered at 50 mA every 12 sec over the ulnar nerve using an electrical stimulator (Isolator, SS 102-J, Nihon-Kohden Inc., Tokyo, Japan). For TOF stimulation, four single stimuli of 0.2 msec duration squarewaves were given at a frequency of two Hz. The corresponding mechanical responses to TOF stimuli at the control arm were quantified using a neuromuscular transmission analyzer (Myograph 2000, Biometer International, Odense, Denmark) and recorded on a paper chart of the neuromuscular transmission analyzer at a chart speed of i mm.sec -1. The mechanical twitch height in response to T1 (the first response to TOF) was regarded as TO (control twitch height). Then, 0.1 mg.kg -~ vecuronium iv was administered to facilitate tracheal intubation. Anaesthesia was maintained with nitrous oxide 66%, oxygen 33%, isoflurane 0.5% endtidal, and intermittent boluses of 100-200 ~ag fentanyl. The patients' lungs were ventilated to maintain normocapnia (PETCO2 32-38 mmHg). The concentrations of anaesthetics and PETCO 2 were measured using a multipie gas monitor (Capnomac Ultima, S-31-03, Datex Inc., Helsinki, Finland). The peripheral skin temperature at the infero-lateral aspect of the medial malleolus or over the adductor pollicis muscle was monitored using a surface skin thermometer (Terumo-Finer, CTM-303, Terumo Inc., Tokyo, Japan).
In the three groups, TOF stimuli were simultaneously applied at 50 mA every 12 sec at the ulnar and tibial nerves. During spontaneous recovery of vecuronium-induced neuromuscular block, a continuous infusion ofvecuronium at a rate of 80-180 lag.kg -l.hr q was established to achieve a stable degree of neuromuscular block (TOF ratio of 0-1.00) at the thumb. To determine the speed of infusion of vecuronium with which a stable level of neuromuscular block was obtained, at first, vecuronium was continuously administered at a rate of 130 lag.kg -1 .hr -1. If the degree of neuromuscular block subsided, the rate of vecuroniurn infusion was increased by 10/ag.kg-~-hr -~. If the degree of neuromuscular block still subsided, the rate of vecuronium infusion was again increased by 10 gg.kg-l.hr -1. In contrast, when the level of neuromuscular block became profound, the rate of vecuronium infusion was decreased by 10 lag-kg-l.hr -~ Provided that the neuromuscular block was still intense, the rate of vecuronium infusion was again decreased by 10 lag.kg-l.hr -1. Once the TOF ratio varied by less than five percent for three minutes, TOF, DBSs,s, and DBSs, ~ were applied to the ulnar nerve and tibial nerve at 50 mA in the group 1, group 2, and group 3, respectively. The presence or absence of fade in response to TOF, DBSs,3, or DBSs, 2 was assessed tactilely by two of 15 observers, all anaesthesia residents, who were not aware of the true TOF ratio. One observer evaluated the presence or absence of fade at the thumb, and another at the great toe. When the tactile evaluation was made at the great toe, the observers kept the great toe in an extended position with their index fingers. When the presence or absence of fade was tactilely assessed at the thumb, the four ulnar fingers were attached to an arm board of the operating bed using adhesive tape, and the thumb of the patient was maintained in an abducted position by the observer's index finger. After the determination of the presence or absence of fade by tactile means, in some patients, neuromuscular block was increased by a bolus injection of vecuronium 0.01-0.02 mg.kg -I and a continuous infusion of vecuronium was again started to achieve a new degree of neuromuscular block for three minutes. Thus, tactile evaluation of fade in response to neurostimulation was again made at the great toe or thumb. In other patients, after the tactile assessment of the presence or absence of fade, neuromuscular block was allowed to recover spontaneously and a continuous infusion ofvecuronium was again started to obtain ancw level of neuromuscular block for three minutes. Then, tactile assessment of fade was performed once more. Following tactile evaluation, whether the level of neuronmscular block should be strengthened or weakened was randomly determined. In this way, tactile evaluations were repeated many times.
Part 2: Relationship between T1/TO or TOF ratio at the great toe and at the thumb Ten patients in group 4 were studied. They were premedicated in the same manner as in the part 1. The induction and maintenance of anaesthesia were also similar to those in part 1. On one forearm, two surface stimulating electrodes were positioned over the ulnar nerve at the wrist. The two surface stimulating electrodes were also positioned over the tibial nerve at the infero-lateral aspect of the medial malleolus. An acceleration transducer (Accelographic transducer, ACC-007, Biometer International Inc., Odense, Denmark) which was connected to an electrical stimulator (Myotest DBS, DBS-000E, Biometer International Inc., Odense, Denmark) and a bed-side monitor (Life Scope 14, BSM-8800, Nihon-Kohden, Tokyo, lapan) was placed on the volar aspect of the thumb. Another acceleration transducer which was connected to the electrical stimulator and the bed-side monitor was attached to the volar aspect of the great toe.
After administration of 3.0-4.0 thiopentone and 2 lag.kg -l fentanyl iv, TOF stimuli were delivered at 50 nab. every 12 sec over the ulnar and tibial nerves using the electrical stimulator. For TOF stimulation, four single stimuli of 0.2 msec duration square waves were given at a frequency of two Hz. The correspondhag accelerographic values of flexion of the great toe and of adduction of the thumb to TOF stimuli were recorded on a paper chart at a chart speed of 1 mm.sec-k The accelerographic value of T1 was regarded as TO (control). The TO was obtained at the great toe and at the thumb. Then, 0.1 mg-kg -1 vecuronium iv was administered to facilitate tracheal intubation.
A continuous infusion of vecuronium was established to achieve a stable degree of neuromuscular block (T1/T0 of 0-0.96 and TOF of 0-1.09) at the thumb. The speed of the vecuronium infusion was determined in the same manner as in the part 1. Once the T1/T0 and TOF ratio varied by less than five % for three minutes, TOF was applied to the ulnar nerve and tibial nerve at 50 mA simultaneously. Thus, correlation of the T1/T0 measured at the thumb to the T1/T0 at the great toe was investigated. Similarly, correlation of the TOF ratio obtained at the thumb to TOF ratio measured at the great toe was examined.
Patient characteristics were compared among the four groups using analysis of variance (ANOVA) followed by Scheffe's multiple comparison. Probabilities of tactile detection of fade in response to nerve stimulation was compared between at the great toe and at the thumb using chi-square test and Fisher's exact probability test. The correlation of T1/T0 and TOF ratios measured at the great toe to those at the thumb was analyzed from linear regression. A P value <0.05 was considered to be statistically significant. Statistical analyses were performed using a statistical package, STAT FLEX version 2 (Viewflex Inc., Tokyo, Japan) running on a personal computer (PC 9821 Ne, NEC Inc., Tokyo, Japan).
Results
Patient characteristics did not differ among the four groups (Table) . The probabilities of detection of fade (number of cases in which fade was felt in relation to total number of observations) in response to TOF at the great toe were lower than those at the thumb when FIGURE 2 The probability of tactile detection of fade in response to DBS3, s at the great toe and at the thumb. TOF = train-of-four, DBS = double burst stimulation. *Difference between the great toe and thumb (/'<0.05).
FIGURE 3 The'probability of tactile detection of fade in response to DBSa, 2 at the great toe and at the thumb. TOF = train-of-four, DBS = double burst stimulation. *Difference bctwcen the great toe :and thumb (P<0.05).
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accelographic T O F ratios were 0-0.40 (Figure 1 ). The probabilities of detection of fade in response to DBS s 3 at the great toe were lower than those at the thumJ~ when T O F ratios were 0-0.80 (Figure 2) . The probabilities of detection of fade in response to DBS3, 2 at the great toe were lower than those at the thumb when T O F ratios were 0.61-0.80 (Figure 3) . A close linear relationship was observed between the T 1 / T 0 at the great toe and at the thumb (Figure 4) , and between the T O F ratios at the great toe and those at the thumb ( Figure 5) .
In no patient did the peripheral skin temperature at the infero-lateral aspect of the medial malleolus or over the adductor pollicis muscle decrease below 33~
Discussion
This study indicates that the T O F ratio measured accelographically at the great toe is higher than at the thumb and the probabilities of tactile detection of fade in response to TOF, DBS3,s, and DBS3, 2 at the great toe are lower than those at the thumb. If anaesthetists evaluate the degree of neuromuscular block by tactile assessment of fade in response to neurostimulation at the great toe, the level of neuromuscular block may be regarded as being weaker than if it is evaluated at the thumb.
Type 2 muscle fibre is more resistaa~t to non-depolarizing neuromuscular relaxants than type 1 muscle fibre and the flexor hallucis brevis muscle contains more type 2 fibres than the adductor pollicis muscle. 4 The great toe is flexed by contraction of the flexor hallucis brevis muscle, and the thumb by contraction of the adductor pollicis muscle. Kitajima et al. 1,2 aald Suzuki et al. s demonstrated that, after admhfistration of vecuronium, the time course of recovery of T 1 / T 0 at the great toe was faster than that at the thumb. Additionally, this study showed that the T O F ratio as well as T 1 / T 0 at the great toe was greater than that at the thumb. This finding correlates with the lower probability of tactile detection of fade in response to TOF, DBS3,s, or DBS3, 2 at the great toe than at the thumb.
As shown in Figure 4 , T 1 / T 0 at the great toe was greater than that at the thumb. However, the difference between the T1/"T0 at the great toe and at the thumb became less as the degree o f neuromuscular block subsided. This phenomenon was comparable to previous data. s Similarly, the difference between the T O F ratios at the great toe and at the thumb was small when the degree of neuromuscular block was superficial ( Figure 5 ). This may account for the present result that the probability of tactile detection of fade in response to the TOF, DBS3, 3 or DBSs, 2 at the great toe did not differ from that at the thumb as the degree of neuromuscular block subsided. That is to say, the probabilities of detection of fade in response to the TOF, DBS 3 s, and DBSs; at the great toe were not different from those at the thumb when the TOF ratios were 20.41, >0.81, and >0.81, respectively.
A force transducer is most suitable for quantifying muscular contraction in response to neurostimulation precisely and, in this study, a force transducer was used to examine the probability of detection of fade at varying degrees of neuromuscular block at the thumb. However, contraction of the great toe cannot be measured using a force transducer. In previous studies ~-s contraction of the great toe was determined accelographically and this was used in this study to examine the relationship between T1/T0 or TOF ratio at the great toe and at the thumb. Harper et al. s reported that the accelographic T1/T0 was prone to be smaller than mechanical T1/T0 measured using a force displacement transducer. Viby-Mogensen et al. 6 noted that there was a close relationship between accelographical TOF ratio and mechanical TOF ratio in the mechanical TOF ratio range of 0 to 70%, but when mechanical TOF ratio >70%, the accelographical TOF ratio was higher than the mechanical TOF ratio. Thus, the T1/T0 and TOF ratios measured accelographically in this study might have been different from those measured mechanically.
The present study was performed during a steady state of neuromuscular block caused by continuous infusion of vecuronium. It was because of the equilibrium of onset and recovery of neuromuscular block that the degree of neuromuscular block was kept constant. Turner et al. 7 showed that the TOF ratio at a T1/T0 of 0.50 was higher during onset than during recovery from vecuronium, alcuronium, or d-tubocurarine-induced neuromuscular block and that the relationship between T1/T0 and TOF ratio during onset and recovery was a hysteresis. Thus, the relationship between T1/T0 and TOF ratio in this study might be different from that during spontaneous recovery.
In conclusion, the ratio of fade in response to neurostimulation measured accelographically at the great toe is higher than at the thumb. This is probably because the flexor hallucis brevis muscle is more resistant to non-depolarizing neuromuscular relaxants than the adductor pollicis muscle. Hence, the probability of tactile detection of fade in response to TOF, DBSs,s, or DBSs, z at the great toe is lower than that at the thumb. If the degree of neuromuscular block were evaluated tactilely at the great toe, the level of neuromuscular block would be regarded as being weaker than if it were evaluated at the thumb.
